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14: l^B^jS'^yf 



(2) 

1 

f«aa#«l^ 5 -7 - stiles 5 ^ - i: J: -D r Hijl5^<i 
[0 0 0 1] 

immmirhmn^m'] if-wmu.'h%m^^-^ 20 

[0002] 

fbfcf^i ^, c R T J; u ^mnMttx^m^mmcD'p 
mMs.xwmti'^m.^^^mm.n-mtm^^cDmmti'-m^ 30 

[0 0 0 3] ^^^t^T^^-i>^m^^^^^^7) 

mthLx^t. wmms. 1 0 vaT-e 1 0 0 0 c d/m 

[0 0 0 4] ^M5 5-fe■g>^^^*#MI^5^-?: 

m:&(Dm&^t'pmt^\^&(Dm^^^m^<otix^ ^s (ap 

pi. Phys. Lett. . 63, 594(1993), (Appl. Phys. Lett. , 63, 203 
2(1993).) o 

[0 0 0 5] mi eta*. ±M(Dm^tft^m^^^vH 

mtit. m^(D^itmziLxr:immi<zmirhmmm(DE. 
^^m^^^Oo 50 
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[0 0 0 6] SI 6tC^>^tl.-g>ct:C)(C, m^itPiiB^^^ 
[0007] 

[^0^/)'«?i*Ucfc9i:-r-&^ LTb^b, to^^^tg^ 

[0 0 0 8] mi 7C{±, 

^^^^■^iiSo laivicfeuT^ iLSi> 7Sft2. r^ft 
3 It^tl^tim 1 6 CO^^X^^ h ;U a , b . c tC^tC- 

^tb *i ^yt<7)^^mtm(D±mzj;:^x^^ti^o 

:::tizm\^m^S&^>bii^t}\ Mh^di^^^i^i^xoy^^ 

mmnmizR-D xitcD^-^r^n'^n^ti'^-ox^ ^-s. 

[0 0 0 9] mi 6lC(*S6gc^^tr-^a. 
[0 0 10] #fi^- K<7)Miai:L/T«. g^/h^^igf^ 

ti-s>. -mz\t. mit-(yv^hm cito) 4^.h'(7)is 

BJ#«®<^^t1IHb'^«<7)-a-f+;5'3 0 0 nma±T-(7)^iJ 

[0 0 11] mty^^'J h;^c7)^;Sfe^¥^±tcML/T{*^ 

^•2> (Appl. Phys. Lett., 65, 15 (1994)), b^^L. Z.O)U 
[0 0 12] *^Bm-hsEiJe5l5<7)ratC^^^'fc^tlfe=fe; 

[00 13] 

ic, *^0^{i, s#f^(7)m4§2a?^(7)M7:)'3^5:tcm® 



3 
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[0 0 14] _hi3^^Co!;n«, ^mm^^-t±ms. 

[0 0 15] :m<7)i&(7)mmmizMt. ±m 
^mmcm^i^it^i^mmmmn^^^^zis^^x. m 

L= -|-{-^) + Z nidi cos <9 

CCT% ne f f (i#®m5^-<7)^5?(lSW, Antt 
$rSM 5 ^ -CD 2 -DCOmCDBWCD^. n i d i 

-e(^^«L;0^@e^COl§«:R(7)l. S^T'feS^ 

[0016] JiisSfiJcJcfev ^r^ 5S:(7)^ i js<7) ;l / 2 

(ne f f/An) (i. ^LX^-^^W^Sm^^- 
^a*kjAt.»^^?Sr*LTO^, ||lll7b^tbt);<)^SJ:^ 
IC. n e f f i; A n ^mm^^-^m^-t^m^ 

■5#^(7)®Wn i t>t;J*JfiC J: o T S * ^^T-fe U , 

■So 

[0 0 17] gS''J^^i^tg^^C«t-^*<7)?^«{i. -h^B 

^fbLTfT<o 3C7)^^ l/2?^Sc7)l. 5fg;5<^ 

:R'LtmLi ^^ti^im-t^±tLxm.h-Rii&&x&^o 



[0 0 18] ^tz. -=m.(7)W.izm(r>mm^Miz^tni. 
±ME^mM(Dm^it^^m^mm^,-mitm=Fi<zts^ ^ 

[0 0 19] ±aB«ASclcj;n(i, 

^iz^m^x^. mmmmm^m<-t&ztifx^^o 
10 [0 0 2 0] tm(7)W.izm(Dmtmmiz^mt. 
±tE^mm(Dm^itimmm-^tm^mitm^iztif^ ^ 

[0 0 2 1] «(7)M{Cfte(^IIS©^SIfCj;ti«, 

X. ^m^t^mtjK m^(7)^(Dmmmi^. iE}mm 
m tmM^tzitmM tm^^mmo 2 mmm. jejl 
mmm t mm t.n.=mi^(D 3 mmm.(D\ ^-fixti-cDm 

[0 0 2 2] *fc. im.(r)mzm>mmmmz^i\x-s.. 
AiUif.w^(jm'h%^wmL^^nmM=?-\zB^^ 
X. ^mm 5 "y-o^mcmt^m^ § 6^(7)^?^«(Z) 1 

/ 4 T'fe 3 i: in -t -So 
[0 0 2 3] i^JLh(7)#:P^)t{Cj:*X«, ^/h^i^J5f§(Z)7t 

[0 0 2 4] 

[0 0 2 5] HI 1 ^'ibm4:i/zi.t^wMizm^m^^^ 
z.n'hcDmmmizisi^^x. mmmEi o(7)±izit^m 

1^5^-1 2/)<ffM^tlT^^•i>o #^^5^-1 2«, 

com^^mzmmLrz^Mmx&^. ^(7)M^*^-f±(7)f-t 

m0i\tLXit. T i 02 i:S i 02 . S i NxiiS i O 
2 , Ta2 05 <hS i 02 4^ i: W^mf*:^ G a A s i: G 
40 a I n A s 4 i:(7)#ltf*:#eK;i'^ So 

[0 0 2 6] - 1 2{i. #S(7)^rffi-e^=&S 

[0 0 2 7] 1 2(D±Kltm.mm9Mi 4 

;!3'JfM^tvT^^•5, C(7)ig0JS'S» 1 4 (iPi^i: UT^ 

^-7<j7x$>^iEW^<t^m^&x^ti'p-r< b 
Tt^-So mmmmmi Atux^i. m^^t. pt. a 

50 u, N i, Cu, Ag, Ru. C r 4t*C0^Mi: I T O 



(4) 
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(Indiujii Tin Oxide, ^fb'l' ^i^'i^Aii). S n02 . I 
n2 03 . ZnOfd^Uffymm^M^it^. Sfeii^n 

CO 0 2 8] m^M^WM 1 4(7)±IC«'>4"< t^-m(D 
<7)^M^{C J: ij ^&fem-r 1 6 16^ 

iE?L^S:^jji-r-g>iE?t^jiM 1 8 tm^F^mmr^wT-m 

j||^2 0(7)3 a?^;^'^ So ^tLtbtt'ii^SiCfCbT, 

M 1 8 fe-St 1 6 tm^-liiJ^® 2 0 fei^ffl-rs 

2M«ii, 1 6 tiE^iMmm 1 8 i:ll?-«33llM 2 

0 i&MfflfS SMItiti: L/T^^ffl^nSo 
[0 0 2 9] 6;^^'b^&m$tLS^3fe?Sfttt, ^ 

M;S:^i:X)'t?^So 
[0 0 3 0] ±MUfe^3fe^l etUTtt, 8-b:Kn 

^i/^j V y±mmi^ mmmb 9-19439 3^i> 

:r.ymm: t'X^5=-U;i/--^>-fe* >^ 20 

St* (it^gB¥3 - 1 1 6 3 1 8 6-^$g) 4'if=&WS 

L/>t*-U» 3^(7)^#<*3{)^ft«fi*j4^{^JT'^So m^-:^ 

(7)7!)<S*U^^o 
[0 0 3 1] ifc, iETUiiiiSl 8(7)t;rl4i:L.T^*^ ^ 

« 3 ^fi7 § > & wi-s<b^j7b we^T'S. So ^(Dm 

fb^^^J^feS (USP No. 4175960. USP No. 453950) » ^ 

iz^miicDm^^smT ^y^^t^^^m^i^ <. cti 30 

tCti, h 'J T U -JVT ^ >(7)#if*7b^*So 

[0 0 3 2] mi^*ii3^2 OiiLTti. RmmtLX8 
- 1 KD+ y >J (iltlBHS 5 9-1 943 

9 3) ^7i-4^-9-^/-;H§^f* (Appl. Phys. Lett. 55. 1489 
(1989)) *^feSo 

[0 0 3 3] znib^itmi miMmmi 8. m."?- 
mms 2 0 (Dm^tL Lxit. ^m-^m^m tbxm^^ 
lotix ^ tzm^'j>^(Dum-t^x ^mi'^hzti/^^x^ 
So *fc. mmit^mim^(Dmmit^m{ii<7)^X' 



* [0 0 3 4] zti<bco^mit^m(7)±iat^m^^- 
22mm^nxi^ho ±m^^-2 2immtLx^ 
tg-rs(iMc. i§^i 6^^«bScm^^/i7t§sst-rs 

^i^^^t?■ti:^^-:>■C^^S, 

[0 0 3 5] C<Z)^M5^-2 2i:LT{i, tt^tfecT) 
/h$4^t;(7)=&ffll\ =^^'JT-C'feS«i^7!)';t1^b-a-tl» 

i:;55a* U < X :S=fW9tC« 9 0 %iiLta)^m^^ir^ 
Ci:3()<M*Ul^o ^M^9-2 2(7)^f*:^JiiLr(i. A 
1. Mg. Ca. Li. Na, Ag. Y^^Xf'tCD'^^ 
Ti^&S, 

[0 0 3 6] z(D^z)izLxmhtirM^tftiiimmmm 

±^^:?:■fe;^'4'^cA^^feUbT%m^o ^^Tb^^blg 
^■rs^=S:;Km-rsfe«^lc^fte^ttc7)f«^T'Se):^i£ 
^, ^M5^-c7)_h§:^'blc|5ia^MfeSoCi^fec7)^M 

(Ri±-rs. I,li:ai^:fe*^B.9^C'(^s^/J^3t^^^i^M*^ 

- 2 2 (7)^-C'a/jN3^^^1^75<J^fi!c^ fLTl ^So ^CZ)^/]^ 
^^MltC J: t) ^3tS 1 6 iiScffi ^ tif-tftO) O ^'W^ 

t&:Ra)t;a)/0'i^tgb^6?)'bnso t^eoT. mmi^ts^ 

[0 0 3 7] laStCli, :*:^H^(7)»/h3t^t«§l®««: 



^^^^tcfc^tsagc/J^3t^t$g§|(7)g|5:^(7)SfrffiIlI7^V^^ 



nso 1^, ia5tc{i#^b-^M;^)^i 

g:PJt(7)M;!3^^^tL•C^^S7!)\ 2Mfi 
[0 0 3 8] ElSlC^^nSckotC. 



) 



neff 
An 

ZZ.X. ;L«i^^iLT^-^S7t(7)?£S^ neff«#Mll 
^ "y-O^y^miff^. A n 5 5 -(7) 2 OCOM(7) 

S#f^(7)ll. n i i: d i {m'J^^*^i^l^<7)iiB^1i^ 
5.t)^^?ifb-S1&»C0S*T^i:^)¥. 0 it-^mt^mm 



* 

Z nidi cos 6 



' 1 6(D^CD^ 

ti, ^(D^izm!ammM 1 4 ii^i^ 1 e c^fb^ 
s) hTi'ffiSf So t2eo-c. ^/jN^t^snj-Jji'^Ttt. 

1 6 (7)/¥^, mmmmm 1 4 (Z)J¥^ i:^ti-?nc7) 
m^miKDmRxf^mi^xi^^^^izit^^^mm^^- 1 

[0 0 3 9] m^±^^(D^&Ut. KXT(D^iZj^ 

u^ai^nso 

[0040] 
[^2] 



(1) 



50 



h±t^miziLxrzmi^t<D^d^'rnmx:&^o 

[0 0 4 1] Jl^»:;^CfcH^r, ^131(7)1/2 (neff 
/An) ^^*iU-Ct>S^/)^#MI^5^-l 2/\?5* 
iAt'^^=fe^bTt\So ^l^M;!)^'c>3b;b^SJ;olC. ne 
f f i: A n 9- 1 2 Pic-TSt^WCj: 



7 



(5) 
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oTS •5(7) Wi&Mlf}''nit.tHti9i^ 

[0 0 4 2] m^^M^iz^mir^^(Di&&i>t. ±M 

1 / 2 rmoym^midtm-rh^tiW^it^m^izi^m 

[0 0 4 3] OiifiAjtiiU. MB^SaS 1 4 i:^fb 

[0 0 4 4] ^Jfe^^^, ^/h3fe^^ti^(7)7t^:RL^MfflI 

3X^^A(D^-Si (nm) ¥gffli:-r-&o A(7)?SS (n 
m) ^tLXlt. m^ii dm- 10) ti^h (Xm- 

5 0) (Dmm^^^\.\ (Am- 5 0) <tu^?sft{pjmi 

mtm'T-iiuxmmxB^diK^ji^. (Am-i 
0) ^ij-m&mmt. mmnm^mtLx. mi-^-^'h 

[0 0 4 5] ^niC*tLT, _h£B(7)A(7)^lll*Itr{i, M 
[0 04 6] ^tz. mbiZnk^n^^^mL^:k^^^m 

nznbxiX2 MftcT) 3 mx'^m-r^^xHi^di 



m $ tv-5^/)'#M^- K i: 4 T U ^ 9 . 

[0 0 4 7] j;JLh<ktJ^ m-^- K(7)^$:l#§{C(i. ^ 
^«L-&B^i:4S7fe<7)?t:RWl. 5fg iiy2m<D 

ilLT, ±iS^ (1) (7)^2Jl{Cfct-tS3lHi»Ml 4 

3t^:RLfe^^?^tft(7)l. 5fg{C-rS{C(i. MS 
10 nmiA i:'^fb-^®<7)MtM;?$:'>4< 1 5 0 
nmaTlC-r-5'ii^^;:)^feSo ^ti. ^CDljmiii^X. s 
±^^S0^*«^ 1 4 -eg^^X-Tt^SM^ ^- 1 2 

J: c) tc. igH^sK 1 0 i&minmit-^ t mmin 
mt-^iif)^^mzmM-^n. m.^(7MM^mt-^(D 
±.\zmmm.mt-^mm-^ixxi. 012 tcssv ^ 

X. #MI^59-l 2(7)«±»/?)'#M^?9-l 2hM 
1 4i:■eMffl^t^•C^^S, cc7)J;e)4#M^$ 
^-12 =&{^fflbfc^/jN5tftraM*11^^%^^(7) 
20 0iJ;5'[ll 3fC^;^n6o HI 3^Cfclr^■C. #SM$t7— 
1 2(Z)S_hSi{*:7i«S0.^f5»l ALLX\m-t^(D 

X. ^^mBMi A^iikiL^xB.»^&^if^-i^^^o eeo 
^c7)^0^#esi 4c7)/¥^^i?<-rs3i:/)^ai5i5 

[0 0 4 8] 116 (Cti, #®^5 9-l 2(7)3tail 

ICia^^tL^. ^OM^r'C7)SI*^ti5 0;i-ib9 9. 9 
% Giii^T-(i5 0/)^'bO. 1%) <Z)|i5ia;!)'^iT*bo 

m=F(Dmmzm\:^xmsmi-t^z.Lti^x^^o - 

[0 0 4 9] OT^C:*:|iB^^C-^^^»/J^^#ig^S«@ 

[0 0 5 0] mmi. mi-ti^'hWL\i^-^^^'it<Dm.-&^ 

40 500nmi:UT, H^XToy^mz^ U SS/J^3t^^«^M^ 

[0 0 5 1] ji0^:'j^X«R_h{CRFx'^:^^hD>:^>'-^ 
^V^}£-eS i 02 , T i 02 (7))llMtr*^75'T i 02 

t^^iiokz. ^mz^4mmmLr^^mm^^-^jf^^ 

Lfzo 'taM(D^Vv:ff^y VCD'^'USMt'o 5 O nm 

»lilO%T'feofeo :i(7)#^^$9-(7)±(CRF-7 
>/:^hD>X^^^y3'jfer'jS0^S1l^ (I TO) =&6 0n 

50 ^mmmm.^\zm^\ut^o *-r. lETiAii^iibT, h 



(6) 

9 

u , ^mmmm t ^it^^^scD-^tw 1 1 o n m 4^ 
[0 0 5 2] OTc, hOyj^^jii^T^yimi^tT 

[0 0 5 3] 

[ftl] 




10 



20 



^^m^^ib. ±M(D^ (1) tCj;'J. Bfi^ii-r^fSft 30 
SOOnmCOl. 5fgf 4'*)*> 7 5 0 nmtC^oTlco * 
mzmmtLXMgAg^± a 0 : 1) ^ISOnm 

[0 0 5 4] KLtizj^<'). m2izn^-r^m^t)ti^m^ 

(D^^T.^^ h;u&[a7{c^x-r, mit>^-^^ h;i/{i5 i 

[0 0 5 5] :»•^U4^^T'^l^l^Ufci^^*C7)jteal^(7)^!ct^ 

[005 6] Jtf^^Jl. RF-7^:^7.hP>:^^^v3?S 
T-T i 02 . Si 02 (7)IlST'ft'^/)' S i 02 ^tC^SJ: 
e)iC, 323:c#4MI«ML/7!i#M)^$^-&Ji^^Lfeo 50 
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[0 0 5 7] ^(7)±^CRFV'!/^^hD>X^■^>V^?£T-I 
TO&*^2 0 0nmffML/feo C(7)^*5±lC, h'J-7x 
:=:;Ui^T^>M*l*&5 0 nmt.T)V^^J 

6 0 nm^#Lfe. ^tL(C<fcy. igB^S1tS<h« 
^b-a^^(7)i¥^cO-a-at(i3 1 Onmit^ofe. 

[0 0 5 8] *ltig^JtC^3tr ^T(ix #gJ^§9-<7)«_h 
• lfl5;5^l3WC0{g:l ^ S i 02 4*C7)-^, I T O ilO)^mX'(D 

Slt;i'fe*U4<, 5^ (1) ^jSffl-rsi^{c«, ^om 

■5^ejM75^fe-5„ m^x. m±m<7)S 102 . 

t-ti^lS-Ab 0 0 nm(^2. 5ft<h4o;feo :R'^iC|^ 
StUTMgAg^^ (10:1) ^18 0 nmBPCOS 

i 02 . ifB^sm®, mmmm. mM(Dmmiimm 

[0 0 5 9] *Jt^J(7)^::i.^^ hjv^mdiz^s-to 
5 0 0 n mtC^V ^ tf- ^ =&^to^^70^5^.-e# So * 

[0 0 6 0] itg£M2. ^figMi tmmiz^mm^^- 

^Bf^Lf^m^iZ, |f:$6 0nm(7)ITO?:J^^L 

:S{*Sfi*Ji:f -SMzRS 7 0 nmWiMll. S^h^oT^o 
MWZ, MgAgMM^ 1 8 0 nmM^MMLtzo 

[0 0 6 1] *it$g^J(7)^i=-(7)^^^^ h;i/^llll 0 
ICS^-To 57 Onmlzm^^^\i~^f}'M^>oiX^. ^ 

e^i:-r-S?Sfi5 7 0nm;5^ [16 {C^n$*L-5^AJ: U 

[0 0 6 2] ^jg^j2. m^McT^nm^m'M.h. mmm 
[0 0 6 3] mmij^y.^sJ:izR¥-^^^-^huyy.j-^ 

V ^mX'S i 02 , T i 02 C7)mxM^-f3^T i 02 
^ScfcOtC. 32S{c#4®^Lfe#^^$^-^ff:^J55c 
L-t, ^ h vZfAy K(7)4''L^r^ft{* 6 2 0 nmT-|5ltU 
fc, Z(D^mm 5 9-(7)7> h zfAy K-??<7)3Si§'^li 1 
0%T'feofc, ^^m$^-t7)±tCRFx'y^hP>X 
A^y^mxiTO^QOnmMl&Ltzo dtl^^ti* 



11 



(7) 
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[0 0 6 4] 7kiZ. ISfimmmtLX. h>Jy:c=.Jli^ 

[0 0 6 5] arte, z^^u^^j jymm'^(nmm.^^ 

[0 0 6 6] 
[fb3] 

.p 

OCH3 




:4ciiss^j<7)^^^tci ov(7)®E%Pi]jnbfei:c5^ mm 

t-Bu Q 



[006 7] ^ifSfJil 3 . mmm 2 i: {i5EtC|g7fcfec7)S4' 

[0 0 6 8] igH^:t;^XS;K-hlCRFv^t^ hD>^A 
«y^i£-eS i 02 , T i 02 0lllI-?rS^7!)'T i 02 ^tC 
4^-5=1; C)tC. 35]§:tC#4gltMbfe#^M$^-&JfM 

7 0 0 nni-C'i9:ftb7^:, ZCD^MW^^^-O^T. h ^V:^>'-^ 

10 RFv^t> hD^^^.y-^^v^Sfetrl T0=S:6 0 nmJFMU 

[0 0 6 9] iE?Lfiij||®i:UT. h 'J :73ir:;i/S^ 

T5>^Sf*i&6 Onm. i: b U U 

>fe 6 0 n b ;f^i, MlC^mStrfe g A g -S" 
^5: 18 0 nm^a-bfco 

[0 0 7 0] UTtC, ^UUi/^Sf^CTJ^its^i^Sr^-r. 

[007 1] 

[<b4] 




t-Bu 



6 0 0 n mCO^i tf- ^ U . ffeic l^- ^7 (iM^^ 

T'Sfeo 30 
[0 0 7 2] ^M4. ;>j*5;^*)K-hlCRFV':/:^ hP 

9m^. {&miffmit-^v$>^ s 1 02 9 

a. 5 nm. SSifl^^fb-^trfe-ST i 02 -Sr 5 8. 3 
nm, 3C7)JliT'525C#3lHl«eb, i^tCS i 02, :R 
^tcM»mf4f b-a^i: b I T O & 7 3 . 7 n mJF^ 
fiJobT. lai 2iC^^*lScfce)4'#MM$^-=fcffMb5K 



t-Bu 



^^-{i, S i 02 . T i O2C0^(Dm 

>4»{*:^fe5 0nmff;^^b. <^ICT7U 5 =^ >"J 

K-::^^nfe||^^6 OnmffMbT^io ^O)'^. Ms 
AgCOflM (^$^-) 1 8 0 nmff^B^bT^o 
[00 7 3] KTfiZ. h U -7 5 > 4 M.f^Rtf^ 

[0 0 7 4] 

[{b5] 

5 ;x 4 fi-f^ 




[fb6] 



(8) 
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O H 

Hu:^M-?r<7)5fe^(d;, ftJ^T-S 0 0 0c d/m2 {zML 
[00 7 5] 

[mi] *^B^^c{^^«$/J^5ti^«§§s*^m^^^^ 

[1112] *||0^lC{^-5^/jN5t^Jg^S«ffi^^%^ 
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